Abstract. Axillary lymph node (Aln) metastasis is a key step of tumor progression in breast cancer and is associated with an unfavorable prognosis. However, the mechanisms of this process are not well understood. proteomic technologies have led to identification of specific protein markers and a better understanding of the cellular processes. to explore this, differential protein expression was analyzed between nodepositive breast carcinoma and node-negative breast carcinoma (11 samples) and between primary breast carcinoma and matched metastatic ALN (five pairs) using a combination of 2D-sDs-pAge and lc-Mc/Ms. of the total 678 protein spots, 19 proteins were up-regulated and 3 proteins were down-regulated in node-positive breast carcinomas compared to node-negative breast carcinomas. Four up-regulated proteins were identified, namely Annexin 5, carbonic anhydrase I, peroxiredoxin 6 and proteasome α2 subunit. For proteins altered in metastatic Aln compared to primary tumors, 6 of 14 up-regulated proteins were identified: heat shock 70 kDa protein 5, protein disulfide isomerase, prolyl 4-hydroxylase β subunit precursor, lactate dehydrogenase B, triosephosphate isomerase 1 and β-tubulin and 5 of 23 down-regulated proteins were identified including 90 kDa heat shock protein, chain A apo-human serum transferrin, chain A α1-antitrypsin, enolase 1 and macrophage migration inhibitory factor. Immunohistochemistry showed stronger immunostaining for β-tubulin in metastatic Aln compared to primary breast tumor. All of the identified proteins function in various processes involved in cell survival and growth. our results suggest that these processes are critical for tumor progression and metastasis and the proteins identified could be candidate markers of clinical usefulness.
Introduction
Breast cancer is an important health burden worldwide. It is by far the most frequent cancer in women (23% of all cancers), with an estimated 1.15 million new cases in 2002, ranking second overall when both genders are considered together (1) . In thailand, though the incidence is low, it has been continuously increasing throughout the last few decades (2, 3) . nowadays, breast cancer has become one of the major focus of public health campaigns for cancer prevention and control in our country.
several clinicopathological factors have been recognized as prognostic indicators for disease outcome with breast cancer (4, 5) . Among these, tumor size and axillary lymph node (Aln) metastasis are most important. In one study, patients with a small tumor (<2 cm) and no Aln metastasis had a 5-year survival rate over 95% while those with large tumor (>5 cm) with Aln metastasis, the survival rate was only 45% (4, 5) . therefore, detection of breast cancer at the early stage or identification of factors that help predict ALN metastasis is of prime importance.
It is well known that cancer cell transformation and progression are extremely complex events involving mutation or deregulation of a variety of genes controlling cell proliferation, differentiation and cell death (6, 7) . Different proteins may be up-regulated or down-regulated simultaneously and provoke distinct cell functions. therefore, the analysis of a single or few proteins is far from the prediction of the clinical outcome. the newly developed proteomics technologies which can identify hundreds of altered proteins in a single experiment, have provided a great opportunity for the identification of novel protein markers (8) .
In this study, we attempted to identify proteins that were altered during tumor progression and metastasis of breast cancer. We utilized a proteomics approach using a combination of 2D-sDs-pAge and mass spectrometry to determine differentially expressed proteins in primary breast cancers with and without Aln metastasis and proteins that altered between primary tumors and their matched metastatic Aln. these results may provide a better understanding of cellular mechanism of tumor progression and metastasis and also help identify candidate markers for further clinical usefulness.
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Materials and methods
Tissue samples. Fresh tissue of breast cancer and metastatic Aln were obtained at the time of surgical resection from 11 breast cancer patients of songklanagarind Hospital, Faculty of Medicine, prince of songkla university, songkhla. the selected tissues were removed from the resection specimens and stored at -70°c until processing. the patients were staged according to the American joint committee on cancer (Ajcc) 6th edition staging Manual (9) . Histopathological characteristics were reviewed and confirmed by a single pathologist before use in the study. the research protocol was approved by the research ethics committee of the faculty.
Protein extraction and two-dimensional gel electrophoresis.
to obtain the representative area, each sample was sectioned in 0.5 µm thickness at -20°c, stained with routine H&e and examined under light microscopy. If the tissue sections still contain undesirable areas, the original gross tissues were trimmed, processed for histological procedures, and examined until the specific area was acquired. The representative frozen tissues were ground with lysis buffer containing 7 M urea, 2 M thiourea, 4% cHAps, 1% Dtt and 2% Ipg buffer (pH 3-10). the mixture was then frozen with liquid nitrogen, and thawed. the protein mixture was centrifuged at 14,000 rpm for 15 min at 4°c. the supernatant was taken as protein extract for further analysis. protein concentration was determined using protein Assay Dye reagent concentrate (Bio-rad) based on Bradford's method using bovine serum albumin as a standard. the proteins were separated by 13-cm immobilized pH gradient (Ipg) strips, pH 3-10 range (linear) followed by sDs-pAge. trace contaminants in the protein solution were removed using 2-D clean-up kit (Amersham Biosciences) according to the manufacturer's instruction. protein extract (75 µg) were subjected to IEF in the first step of protein separation for the total 18.8 kVh at 20°c. the focused Ipg strips were then equilibrated with equilibration buffer I containing sDs and 65 mM Dtt for 15 min and with equilibration buffer ll containing sDs and 135 mM iodoacetamide for 15 min. the second step of protein separation was performed by 12% sDs-pAge. the protein spots were visualized by silver staining.
Image analysis. the stained gels were scanned with an Image scanner™ (Amersham Biosciences) at 300 dpi resolution, and the images were saved as MEL files. The images were further processed by 2D gel analysis software, ImageMaster 2D platinum (Amersham Biosciences). cropping of the clusters of spots of all images was performed. protein spots in the cropped images were detected and matched to a reference gel. the missing spots were added manually to the reference gel and all matched gels. Mismatched spots were edited and then the intensities of protein spots were analysed. to eradicate the error of the different levels of stained protein, normalisation was made by calculating a percentage ratio of individual spot volume to the total volume of protein spots in each gel image.
the comparison of mean intensities of protein spots were compared statistically using t-test for two comparison sets: i) breast cancers from patients with node-negative (tn -) and breast cancers from patients with node-positive disease (tn + ); and ii) primary breast cancers from patients with node-positive disease (tn + ) and matched metastatic Aln (l) (paired t-test). the level of significance of p-value was set at <0.05.
In-gel digestion with trypsin. protein spots were washed with 100 µl de-ionized water, 3 times. to destain silver nitrate from the proteins, 30-50 µl of 15 mM k 3 Fe(cn) 6 and 50 mM na 2 s 2 o 3 were added and vortexed for 1-2 min. this procedure was repeated until the gel pieces were clear. Afterwards, those gel pieces were washed 3 times with 50 µl of 25 mM nH 4 Hco 3 , 10 min each time and then the gel was dried completely by SpeedVac. Disruption of disulfide bonds between cysteine residue within polypeptide chains was achieved by adding 50 µl of 0.1 mM nH 4 Hco 3 , 10 mM Dtt, and 1 mM eDtA and incubated at 45°c for 45 min. the solvent was discarded and quickly replaced by a freshly prepared solution of 100 mM of iodoacetamide in 0.1 mM nH 4 Hco 3 . the solution was then agitated at room temperature in the dark for 30 min. the solution was removed and gel pieces were washed 3 times with 50 µl iodoacetamide washing solution (0.05 mM tris-Hcl, pH 8.5, and 50% acetronitrile), at 10 min each time. the gels were entirely dried. Working trypsin solution (30 µl) (resuspended trypsin in 0.1% acetic acid, 0.05 mM tris-Hcl, 10% acetronitrile, 1 mM cacl 2 , pH 8.5) was added and incubated, accompanied with stirring at 37°c overnight. the mixture was removed to a new tube. the gels were soaked in 2% trifluoroacetic acid at 60°C for 30 min and vortexed continuously. the gel pieces were placed in 40 µl of digestive buffer (0.05 mM tris-Hcl, 1 mM cacl 2 , pH 8.5) and agitated at 30°c for 10 min. subsequently, the gels were put in a sonicator for 5 min. Forty microliters of 100% acetronitrile was added and incubated at 30°c for 10 min. the mixture was again placed in sonicator for 5 min. next, the mixture was pulled on to a new tube and 40 µl of 5% formic acid and 100% acetronitrile (1:1) were added and incubated in the agitator at 30°c for 10 min. the mixture was sonicated for 5 min and pulled on to a new tube. Finally, the speedVac was used to dry the samples.
Protein identification. peptides were analysed by lc-Ms/ Ms (Waters, Micromass Q-tof micro™). electrospray ionisation quadrupole-time of flight (column c18, 300 µm by 15 cm) mass spectrometry was used to analyse the amino acid sequences of the tryptic peptides. the standard peptide (Glu-fiblinopeptide) was injected into the capillary column and afterwards a peptide sample of protein spot was also injected into the same capillary column. peptides were separated by 2 eluents, including eluent A (3% Acn, 0.1% formic acid in H 2 o) and eluent B (0.1% formic acid in 97% Acn). ninety-three percent of A and 7% of B were used at 0 min, 50% of A and B at 35 min, 20% of A and 80% of B at 45 and 49 min respectively, and 93% of A and 7% of B at 50 and 60 min, respectively.
The system was run until the peptide separation finished. the monoisotopic peptide masses for all samples were measured and then searched into the search engine MAscot (Matrix science, london, uk). the data were searched against ncBI non-redundant protein sequence database. the variable modifications (phospho ST), mass values (monoisotopic), protein mass (unrestricted), peptide mass tolerance (± 1.2 Da) and fragment mass tolerance (± 0.2 Da) were included in the search parameters. A maximum of one trypsin missed cleavage was allowed. protein identifications were considered to be correct when the protein score was greater than based Mowse score (p<0.05).
Immnuhistochemistry. Validation study was performed using immunohistochemical staining for β-tubulin on formalinfixed, paraffin-embedded sections. the three-micrometer sections were incubated at 45°c overnight. the sections were deparaffinized by xylene and rehydrated in graded alcohol. Antigen was retrieved by immersing the sections in tris eDtA buffer pH 9.0 in a pressure cooker at 95°c for 4 min. endogenous peroxidase activity was blocked with 3% H 2 o 2 for 5 min and the sections were then washed in distilled water and immersed in pBs buffer pH 7.6 for 5 min. to block non-specific proteins, the sections were incubated with 3% normal horse serum in moist chamber for 30 min. the sections were incubated with the antibody against β-tubulin (clone tBn06, neoMarkers, Fremont, cA, usA) ready to use. the antibody reactions were revealed using enVision™ system (Dako-cytomation, glostrup, Denmark) according to the manufacturer's instruction. subsequently the sections were incubated in DAB chromogen for 5 min, counterstained with hematoxylin and mounted. Immunoreactivity was evaluated under light microscopy. sections that incubation with the primary antibody had been omitted were used as a negative control. IHc staining was evaluated under light microscopy and the intensity was scored as 0 (negative), 1+ (weak), 2+ (moderate), and 3+ (strong). cases were considered positive if 10% or more of the tumor cells showed unequivocal immunoreactivity.
Results
Cases. eleven cases of breast cancer in women aged 36-76 years were included in the study. the details of the clinicopathological features are shown in table I. Five cases were node-negative breast cancers, of which two cases were ductal carcinoma in situ. six cases were node-positive breast disease.
2D-gel electrophoresis and image analysis. the 2D-gel that contained the most abundant protein spots detected by Image master 2D-platinum was used as reference. this reference gel revealed a total of 678 protein spots. the protein intensities of all 678 spots in all gels were estimated. the data were analyzed for two sets of comparisons: i) breast tumor tissue from node-negative disease (tn -, n=5 samples) vs. breast tumor tissue from node-positive disease (tn + , n=6 samples) using t-test; and ii) breast tumor tissue from node-positive disease (tn + , n=5 samples), and their lymph node metastases (l, n=5 samples) using paired t-test.
twenty-two protein spots were differentially expressed between tn + vs. tn - (Fig. 1) . nineteen proteins were up-regulated and three proteins were down-regulated in tn + compared to tn -. thirty-seven protein spots were differentially expressed between l vs. tn + . Fourteen proteins were up-regulated and 23 proteins were down-regulated in l compared to their primary breast tumors.
Identification of altered proteins. protein spots that were statistically different which showed consistent expression pattern in different cases were subjected to in-gel digestion and identification. Fifty-six protein spots were excised for identification using LC-MS/MS. All proteins were searched against the ncBI database to identify a single protein and its function. Fifteen proteins were successfully identified (table II) . Four up-regulated proteins in the comparison group of tn + and tn -were identified including Annexin 5, carbonic anhydrase I, peroxiredoxin 6 and proteasome α2 subunit. Eleven proteins were identified from the comparison group of tn + and l, namely 90-kDa heat shock protein, chain A apo-human serum transferrin, heat shock 70 kDa protein 5, chain A α1-antitrypsin, prolyl 4-hydroxylase β subunit precursor, protein disulfide isomerase, β-tubulin, enolase 1, lactate dehydrogenase B, triosephosphate isomerase 1 and macrophage migration inhibitory factor. these proteins are known to be involved in the processes of stress response, apoptosis, protein synthesis or degradation, homeostasis, cell division and immune defense.
Immunohistochemical staining for β-tubulin. Immunohistochemistry was performed in all 11 cases used in 2D analysis. However, interpretation was not made in 2 cases due to autolysis of the tumor cells. reactivity for β-tubulin was observed as fine granular cytoplasmic cytoplasm. In all cases, both normal duct epithelium and tumor cells in the breast were stained indifferently with weak (1+) or moderate (2+) intensity (Fig. 2) . By contrast, the metastatic tumors in the Aln were stained intensely (3+), which was consistent with the 2D results.
Discussion
Metastasis of cancer cells to axillary lymph node (Aln) is a key step of tumor progression in breast cancer disease and is associated with an unfavorable prognosis. By far, the mechanism of Aln metastasis is not well understood. In the current study, we used a proteomic approach with a combination of 2D-sDs-pAge and lc-Mc/Ms to determine and identify differentially expressed proteins between We also compared primary tumors between node-negative and node-positive breast cancers. our results have identified eleven proteins differentially expressed between the comparison groups. these proteins involved stress response, apoptosis, protein synthesis/degradation, homeostasis, cell migration and immune defense. some of the proteins have been reported in previous study comparing breast tumor and normal tissue (10) (11) (12) . the results from 2D-sDs-pAge showed a very similar protein expression profiles in primary tumor and matched Aln and between tumors with and without Aln metastases. the results are consistent with previous proteomic studies (13-15). these findings are also consistent with genomic profiling studies comparing primary tumors and their matched metastatic Aln (14, 15) . this suggests that key biological characteristics of primary breast cancer cells are maintained in metastatic cancer cells. However, in spite of the striking overall similarities observed, we detected a few significant altered proteins between the comparison sets. thirty-seven protein spots among 678 (5.45%) detected spots were differentially expressed between primary tumors and their metastatic Aln and 22 spots among 678 spots (3.24%) between primary tumors with and without Aln metastases. compared to the study of Vydra et al (14) , we found a greater number of total protein spots in 2D images (678 vs. 245 spots) and a higher proportion of significant differential proteins (5.45 vs. 1.22%). this may be due to the different samples used in the analyses (clinical samples vs. cultured cells).
Highly proliferative cells and cells exposed to new environments suffer from various cellular stresses. the present study identified at least four stress-response proteins: heat shock 70-kDa protein 5 (HspA5), 90-kDa heat shock protein (Hsp90), protein disulfide isomerase (pDI) and prolyl 4-hydroxylase β subunit precursor. HspA5 (also known as glucose-regulated protein grp78) is a major molecular chaperone at the endoplasmic reticulum (er) (16) . Because of its anti-apoptotic properties, it is a key pro-survival component of the unfolded protein response (17) . HspA5 has been reported to be up-regulated in breast cancer compared to normal tissue (10, 11, 18) . In the present study, HspA5 was up-regulated in metastatic Aln, supporting the theory that HspA5 plays a role in the protection of metastatic cells in new adverse environments.
Hsp90 also has anti-apoptotic properties, and is known to promote cancer cell growth or survival by activating and maintaining the function of major cellular proteins (19) . Hsp90 was demonstrated as protein and rnA levels to be up-regulated in breast cancer tissue compared to non-cancer tissues (12, 20) . this protein has been found to be associated with decreased survival in breast cancer (21). However, in the present study, Hsp90 was down-regulated in metastatic ALN compared to primary tumors. This finding can not be explained based on current knowledge.
Protein disulfide isomerase (PDI) is an enzyme involved in processing and maturation of secretory proteins in endoplasmic reticulum. the β subunit of prolyl 4-hydroxylase has been found to be identical to the pDI (22) . schultz-norton et al found that pDI functioned as er-α chaperones in breast cancer cells (23) . It increased the capacity of er to bind to DnA, enhanced er-ere complex formation after exposure to the oxidizing agent. As estrogen binding to an estrogen receptor is critical for breast cancer cell growth, pDI might play a role on survival of metastatic breast cancers in axillary node via an action of er-α chaperones.
the present study found overexpression of β-tubulin in metastatic tumors compared to their primary tumors. this was validated by immunohistochemical staining in tissue sections. tubulin is a major component of microtubules, important cellular cytoskeletons which have various cell function including cell growth and division, maintenance of cell shape, transport of intracellular vesicles and organelles and cellular signaling (24) . overexpression of β-tubulin in metastatic tumor suggests that metastasized tumor cells utilize microtubule functions, many of which involve in metastatic cascade. studies in other cancers also demonstrate invasive and metastatic roles of β-tubulin (25, 26) .
since reactive oxygen species (ros) are usually found in increased numbers in cancer cells, peroxiredoxin (prDx), an enzyme that detoxifies hydrogen peroxide and various peroxides is expected to be overexpressed. one previous study reported expression of peroxiredoxin isoforms I-VI in 52-94% of breast carcinomas (27) . our findings show that prDx6 was up-regulated in advanced staged tumors supporting the theory of increased ros in cancer cells during tumor progression.
In early apoptosis, phosphatidylserine exposes itself on the surface of the dying cells to trigger clearance. Annexin A5 (or Annexin V) binds with high affinity and specificity to phosphatidylserine, causing a reduction in the clearance of dying cells and consequently interfering with the immunosuppressive effects of apoptotic cells (28) . It has also been shown in vivo study that impaired clearance of dying tumor cells can lead to tumor rejection (29) . In contrast to the evidence of these studies, Annexin A5 was found to be up-regulated in tumors with Aln metastasis in the present study, consistent with report of other cancers (30) . Most recently, Annexin A5 has been demonstrated to have possible influence on proliferation and invasion capacity of cancer cells via deregulation of the genes implicated in cell motility (31) .
proteasome α2 subunit, a subunit of proteosome, functions in degradation of damaged proteins by proteolysis (32) . previous studies have reported alteration of proteasome subunit α type 1 in infiltrating breast carcinomas (11) . In this study, proteasome α2 subunit was up-regulated, indicating increased damage to proteins in cancer cells.
previous studies have shown that growing cancer cells increased in both aerobic as well as anaerobic glycolyses through their exposure to physiological stresses (33, 34) . supporting this basis, the present study revealed up-regulation of triosephosphate isomerase 1 and lactate dehydrogenase B, enzymes involved in these two processes, in metastatic Aln. these suggest that metastatic cells have higher levels of physiological stress. up-regulation of carbonic anhydrase I, a zinc-containing metalloenzyme, which maintain pH homeostasis and ion transport also supports the increased metabolism of tumor cells (35) . carbonic anhydrase I was also reported to be up-regulated in breast cancer tissue compared to normal tissue in a proteomic study (12) . Many carbonic anhydrase inhibitors have been shown to inhibit tumor cell proliferation in vitro, including breast cancer cell lines (36) .
Iron is essential for proliferation of normal and neoplastic cells (37) . In vivo studies have demonstrated that excess iron, with its capability of generating ros, may contribute to malignant transformation, increased metastasis and invasiveness of various cancers including breast cancer (38, 39) . net iron equilibrium requires both apotransferrin and ferrotransferrin (40) . the present study found down-regulation of chain A apo-human serum transferrin (chain A apo-htF), a transferrin without iron. this may disrupt iron equilibrium and promote cell proliferation. However, the exact role of chain A apo-htF on tumor cell proliferation and metastasis needs more investigation.
others differentially expressed proteins found in the present study included β-tubulin, chain A α1-antitrypsin, enolase 1, and macrophage migration inhibitory factor (MIF). up-regulation of β-tubulin, a major protein in mitotic spindles, suggests enhanced cancer cell division. chain A α1-antitrypsin is a serine proteases inhibitor. serine proteases are known as an extracellular matrix degrader (41). Down-regulation of chain A α1-antitrypsin found in the present study, may indicate enhanced function of serine proteases to degrade extracellular matrix. enolase 1 (also known as α-enolase), is a glycolytic enzyme expressed in most tissues. More recent evidence has shown that enolase also functions as a plasminogen receptor (42) and may also play a role in tissue invasion (43) . Increased enolase 1 expression has been demonstrated in various cancers including breast cancer (44) . In the current study, enolase 1 was found to be down-regulated in metastastic Aln compared to primary tumor, consistent with those previous reports.
Macrophage migration inhibitory factor (MIF) was found to be down-regulated in metastatic Aln. MIF is a pleiotropic cytokine and mediator of acute and chronic inflammatory diseases. Many studies revealed contradictory effects of MIF on tumor biology. overexpression of MIF was reported in various cancers including breast cancer (45) (46) (47) . However, pozzi and Weiser demonstrated that recombinant MIF can activate macrophages which became cytotoxic for tumor cells in vitro (48) . Most recently, Verjans et al have reported a dual role of MIF in human breast cancer depending whether it is intracellular or extracelluar expression (49) . collectively the evidence suggests that expression of MIF in breast cancer is a complex situation and has different effects on tumor biology.
certain limitations of the present study should be noted. the 2D-pAge technology requires a large amount of protein extract. If there are only small subpopulations of tumor cells within the primary site with higher metastatic potential, altered proteins may not be detected. selection bias for protein identification may occur because sharp and sizable protein spots in 2D gel were more likely to be selected for further protein identification and small protein spots were not obtained. And finally, the present study included only a small number of samples and thus some altered proteins may not have been statistically different. even with these limitations, however, we successfully identified 15 proteins, all of which are associated with tumor cell growth and survival. to our best knowledge, this is the second comparative proteomic study in primary breast tumor vs. matched metastatic Aln. However, our results need further studies to determine whether these proteins are observable on traditional IHc as well as their clinical usefulness.
